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DEFIBERED CELLULOSE PRODUCT AND METHOD FOR ITS 
PREPARATION 

TECHNICAL FIELD 

The present invention relates to a defibrated celhilose product, in 
5 particular fiufTpulp, containing CTOSslinked cellulose fibres. The invention also relates to 
an absorptive body vsdiich consists, at least in part, of the said cellulose product, and also 
to a method for preparing a cellulose pad, in particular fluff pulp, wdiich method includes 
defibration, Le. individualizing the cellulose fibres with mechanical devices and 
CTossIinking thenL 

STATE OF THE ART 

There has for many years been an int^est in diemicalfy crosslinked fluff 
pulp and it has been proposed that this pulp should be used in absorbent hygiene 
products. This proposal has been based, in particular, on ^e &vourable properties of the 

15 crosslinked cellulose, particularly as regards absoiption c^adty, wet specific volume 
and absoiption rate, whidi properties are particularly wapoTtant w^en produchxg 
absoibent hygiene products such as nappies (diapers), sanitary towels, etc. 

In US-A-3 224 926 (1965X Bemadin has described the use of 
fonnalddiyde for crosslinldng celhilose in the diy and d^brated condition. In addition, 

20 the use of other crosslinking reagents has been proposed by, inter alia, Schoggen et aL, 
US 879 678 (1986) (bifimctional aldebydes); Herron, Cooper, US 432 648 (1989) 
Q)oIyfimctional carboxylic acids); and Noilander, lotemational Patent Application 
PC;T/SE93/00086 (derivatives of dihydroxyethylmeurea). Defibrated celhilose, Le. 
individualized cellulose fibres, for exanq)le fluff pulp, which-is produced, in accordance 

25 with these methods exhibits a consistent in^rovement in absorption capacity, wet 
spedfic vohime and absorption rate. 

In addition, PA Grae^ WO 88/04704, has r^orted that a cellulose 
product produced by treating cellulose with pol^^fimctional aldehydes, as cellulose 
crosslinldng agents, in the presence of eOiylene glycols, propylene glycols or pofyether 

30 glycols possesses inq>roved absorption properties, princq)ally absorption rate. The 
crosslinking reaction, if sack a reaction takes place, is carried out in a conventional 
drying machine with the cellulose fibres bemg in sheet-form, Le. in the presence of fibre- 
to-fibre bonds and at tenQ>eratures vMch must not exceed lOO^C. The dry matto^ 
content associated with any crosslinking reaction which is carried out is stated to be 1-20 

35 %, Le. the fibres are partial^ swoUcti by water. Sheet-fibrating is carried out in 
subsequent stages in a conventional manner in the dry state prior to shaping the 
absoiptive bodies, which are designed to be used in babies^ nappies, feminine products. 



wo 95/00703 



2 



PCT/SE94/00613 



etc. The in^ease in absoiption capadty as cornpzied vAth conqiletely untreated fibres is 
rqioited to amoimt to approximately 15 

A cellulose product having exposed, diy-crossiinked fibres is normally 
characterized by a high degree of realience in the diy state, signifying that high pressures 

5 and high ten^eratures are required in order to conq>ress the product to high densities, 
for example greater than 0.20-1.0 g/cm3. According to Suhze, PCTAJS92/01668, 
pressures of between 800 and 11 5,000 psi (55-7930 bar) and temperatures of between 
60°C and 180**C are needed in order to achieve this. For several reasons, the high degree 
of resiUence represents a disadvantage. For instance, powerful, and consequently 

10 e^ensive, tools are required for conopressing to hij^ denaty. 

BRIEF DISCLOSURE OF THE INVENTION 

The object of the present invention is to make available a defibrated 
cellulose product of the type spedfied in the introduction, which product possesses a 

15 fibre structure having an improved, preferably controllable, con^)res^ility. More 

particular^, the object of the invention is to make available a cellulose product for use in 
absoibent products, more particularly in absorbing pads designed to collect body fluids, 
for example those products \N4iich include babies' nappies, sanitary towels and 
incontinence products. An especial object in this context is to be able to make available 

20 absorbent products vMdh are thinner and more comfortable - but wfaidi still possess 
good absorption properties - tiian has previously been posable. 

A fiirflier object is to be able, by means of the inq>roved compresaKnEty, 
to utDize transport-vdiicle and storage-space cq)adity more effidentiy and to decrease 
transport and storage costs. 

25 These and other objects can be achieved by the defibrated cellulose 

product according to the invention being characterized by possesang a fibre structure 
having an inq)roved compressibility under the influence of heat and pressure, which 
structure can be obtained by crosslinking, in the dry state, cellulose fibres wMch are 
iiqpregnated with an effective, quantity of crosslinking agent and at least one bifimctiona], 

'30 trifimctional or polyfunctional alcohol and/^dch are defibred prior to carrying out the 
crosslinking reaction. By carrying out the defibering before the aosslinking, the fibres 
can be individualized more efficiently than would be the case if the crosslinking were to 
be carried out before the defibration, Le. good fluflbig can be achieved. 

The ceUulose fibres are expediently crosshnked at a tenq>erature of 

35 between 100 and 210°C, preferably at a temperature greater than 120°C, expediently 
between 140 and 210''C. Where appropriate, impregnating agents other than 
bifimctional, trifimctional or polyfimctional alcohols can also provide the effect in 
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accordance with tite invmtioa, vJbich efifect is expressed by the product gaining a fibre 
structure having in^roved conopressihility iknder the influence of heat and pressure, hi 
this case^ the use of sudi diemicals is also included in the invention. The said crossBnked 
cellulose fibres probabfy consist of swollen, and diereby softened, ce&olose pofymers, 

5 which can be obtained by in^iregnating the celfailose fibres with an effective quantity of 
bifimctional, trifiinctional or pofyfimctional alcohols or with some other preparation 
which causes the fibres to swell 

"^'Another v^y of characteriTmg the product according to the invention is 
that, after having been conq)res5ed, it has a density which is at least 15 % higher, under 

10 the same conditions as regards con5)ression time, heat and pressure, than that of a 

cellulose product whose fibres have not been inq)regnated widi bifimctional, trifimctional 
or polyfimctional alcohols or with any other preparation i^Mch causes the fibres to swell, 
but vAose fibres are otherwise of the same type, and are crosslinked with the same 
amount and agent, as the fibres in the cellulose product according to the invention. 

15 The conqpresability of the defibrated and crosslinked cellulose product, 

normalfy-fhe fluff pu^, is affected by adding a bifimctional, trifimctional or 
polyfimctional alcohol, e?q>ediently together with the crosslinking reagent. The alcohols 
which are most suitable for use are those wiiich have boiling points (at atmoq)heric 
pressure) which exceed the reaction tenq)erature of the crosslinking reaction, Le. 

20 alcohols having boiling points exceeding lOO^C, preferably 120'^C and e;q>ediently 
exceeding 140°C. 

A working hypothesis, fi)rmulated in this instance, regarding a probable 
diemical mechanism involves the hydro?^ groiq>5 of the po^fimdional alcohols reacting 
wifli the crosslinking reagent in the same way as do the hydto^Q^ groups of the cellulose. 

25 hi this way, the alcohols are bound by covalent bonds to the cellulose molecule and the 
state of swelling of the latter is altered, ia assodatLon with which the reslience is 
decreased in the dry state. The addition of alcohol appears to resuh in a form of 
softening of the CTOSsIinked cellulose polymer, at least in the dry state and especially at 
high tenq)eratures. The cellulose fibres wfaidi have been chenciicalfy crosslinked in this 

30 Wfay can be compressed to a substantially higher density, at greatly reduced pressure, as 
coII^)ared with dry-crossfinked cellulose fibres to ^^hich none of the said alcohols has 
been added. 

It should be pointed out in this connection that the said hypothesis is not 
intended to be of any delimiting agnificance for the scope and validity of the sought-after 
35 patent. 
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Chemicals other than the said alcohols which can caiise the cellulose 
stmctore to swell can thus also be consid^ed to &n within the scope of the concept of 
the inyeation. 

Regardless of the correctness of the abovementioned working hypothesis, 
5 this invention makes available a method for preparing a cellulose product, e^ecially fluff 
pu^, which method involves defibering the cellulose fibres and crossliiiking the latter in 
the dry state, \diich preparation also provides the possibility of adjusting the 
con^ressibility of the finished product in advance. In accordance with the invention, the 
cellulose fibres are inq)regnated with an effective quantity of chemicals which are seen to 

10 cause the fibres to swell, and thereby soften the cellulose polymers, resulting in an 
improved compressibility of the cellulose product under the influence of heat and 
pressure. In this way, cdhilose fibre structures are formed, at least in the presence of a 
hi^ level of one of tiie said alcohols in the fibres, \^ch can be con^iressed to the 
desired density at moderate pressures and temperatures, and which at the same time 

15 possess essential)^ unchanged absorption properties^ as conpared with CTosslinked, 

conventionally prqiared, fluff vMc3x has been cosopressed to the same density biit usmg 
substantial^ higjier pressure and tenqierature. 

Tlie fluff according to the present invention has a consistent^ higher 
absorption capacity and wet spedfic volume than does a corresponding pu^p consisdng 

20 of untreated, non-crosshnked cellulose fibres compared at the same mitial diy denshy 
prior to wetting with liquid. 

Hie. abiHty to control flie conpressibifity of a fluff pulp containing 
crosslinked cellulose fibres is veiy important whm producing absorbent products, such 
as nqipies, sanitary towels, incontmence products, etc. The" obvious advantage of the 

25 defibered, crosslinked cdhilose product according to the invention is that it can be 

conpressed to high denies at moderate pressures and tenq>mture5 but nevertheless be 
given absorption properties vMch are equivalent to, or greater than, the corresponding 
prop^es of fibre structures which have been fi)rmed usmg non-crosslinked fibre having 
a substantially lower dry denaty. 

30 For optimal use of the cellulose fibre, products according to the invention 

having density gradients, should probabfy be produced, for exanple by webs being 
formed and compressed to different densities prior to assembly, or by pu^ having 
different conipressibilities, for exanqple as a result of varying the added quantity of 
bifimctional, trifimctional or pofyfimctional alcohols or equivalent chraucals for 

35 impregnating the cellulose fibres, being formed into air-laid or wet-laid webs and then 
coiiq>ressed in a common press nip. Jn this way, an absorptive body can be formed 
having a density gradient. The numb^ of layers which are used in the absorbent product. 
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and tbe densities of the dijSerent layers, can be detennined by the intended area of 
applicatioiL An iq>per layer of low density can be suitable for products i^ch are to be 
loaded widi large quantities of Hquid over a short penod of time, which iqjper layer can 
fice die wearer of the absorbent product, i^Ule the layer(s) connected to it can be 
5 conq>ressed to (a) high^ den^ (dmsities). 

A babys nappy of the modem type is nowadays packed at an average 
densty of 130-170 kg/m3. The pulp according to the invention provides excellent 
opportunities for increasing the average density pf the absorptive body in absorbent 
products and thereby lowering the costs for transporting and storing these products. 

10 Hie pu^ according to the present invention can also be formed into fibre 

webs having a high density. The fibre webs can be formed using either a dry or a wet 
forming technique, with the fibres bemg dispersed in air or water in conjunction with ihe 
web bdng formed on an endless wire. Iliese webs can be rolled into roJb having a high 
den^ty, thereby substantially reducmg the cost^of tranq>orting and storing the pu^ as a 

15 semi-finished product. The fibre web can subsequently be defibrated, for example in a 
hamme r mill, after \^^ch it can be formed into products having the desired density, 
which density can be substantially lower than the original density of the pulp and entirdy 
dependent on the demands placed on the absoiption properties of the final product. 
Alternatively, the web can be cut into pieces having the desired dimensions and placed 

20 directly in the desired position in the absorbent product A very great advantage in this 
connection is that the pu^ containing the dry^crossHnked cellulose fibres according to 
the invention can be used in the type of equq)mait which is nowadays available for 
produdng nappies (also incontinence pads) as well as in machines for manu&cturing 
sanitary towels and air-fonned pqper. 

25 Webs which are formed out of a pu^ according to the present invention 

can also, on being shaped, be provided with superabsorb»t polymer (SAP) ir the form 
of powder or fibres. In this instance, SAP are defined as polymers which can form gds 
containing at least 10_g of water per g of pofymer. Certain applications might require 
strengthening of the fluff with the aid of long fibres which increase the tear strength. 

30 ' Exainples of fibres having this effect are viscose fibres and polyester fibres, but other 
pofymedc fibres can also be used. In this way, webs can be formed which are sufficdoitly 
strong to be incorporated in processes in ^^lich webs having a spedal density can be cut 
to aze and placed in the desired position in absorfomt products. &icreased strength is also 
desirable for products having low sur&ce wights, in order to ensure that the absorbing 

35 pad does not rupture in the final product. 

Such strengthening fibres can also be of interest when manufacturing pulp 
webs which it is intended to defibrate in conventional defibrating equipment, for example 
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in a hammer null, for use at a density vMdi is lower than the denrity of the origmal web. 
The rdnfordng fibres then contribute to the creation of a fibre structure having a low 
density and good absorption properties together with substantially increased strength. 

A bifimctional, trifimctional or polyfimctional alcohol having a molecular 
5 weight which exceeds 60 g/mol is e?q>ediently used for in:q>regnating the fibres. Where 
appropriate, the carbon skeletons of the said alcohols can also contain heteroatoms, for 
Gxamplo oxygen or nitrogen. The polyfimctional alcohols, or their equivalents^ can also, 
where appropriate^ contain one or two polar fimctional groups of the aldehyde, keto or 
carboxyl type. 

10 In accordance vnfh the invention, cellulose fibres are e>q>ediGal]y 

impregnated with 2-lSO g of bifimctional, trifimctional or polyfimctional alcohol/kg of 
cellulose fibres. The alcohol preferably consists of gl^cCTol, w^db is supplied at 5-50 
g/kg of cdhilose fibre. On the one hand, glycerol is relatively cheap and, on the other, it 
does not have any toxic or sensitizing properties. Cellulose fibres for crosslinking can be 

15 selected fi-om the bleached, partially bleached or unbleached, sul^hate-deUgnified or 

su^hite-deUgnified, sofiwood or hardwood fibre groups. The cellulose fibre can also be 
selected firom the thermomechanical and chemothermomechanical pul^ groups. 

The fi^Uowing process can be used vAxca producing the dry-crosslinked 
and conq)re5sible fiufif pu^. The ceDulose fibres are impregnated with aqueous solutions 

.20 containing the chemicals which are to be added. In this context, crossKnldng agents are 
preferably used ^^ch arc selected firom one of the groiq>si bifimctional, trifimctional or 
polyfimctional organic adds, bifimctional, trifimctional or pofyfimc-tional aldehydes, 
derivatives of dihydroxyethyleneurea or derivatives of dimethyloldihydro?^ethylenearea. 
The quantity of crosslinking agent which is added to the cellidose fibres are adjusted 

25 whhin the interval 5- 150_g of crosshnldng agent/kg of cellulose fibres. The quantity of 
crosslinking agent is preferably adjusted to the interval 15-50 g of crosslinking agent/kg 
of cellulose fibre. The subsequent crosslinking can be catalyzed by so-called Lewis acids, 
for exanq>le iron(III) chloride, 2inc(II) chloride or mag;nesium(II) chloride. In addition, 
substances selected &om tiie grotqis: alkali metal hypophosphite, alkali metal 

30 polyphosphate, alkali metal phosphate^ alkali metal su^hate, sodium fluoroborate, 

disodium carbonate and organic amines can cata^^ all the abovementioned crosslinking 
reagents. The above-mentioned bifimctional, trifimctional or pofyfimctional alcohols, or 
their equivalents, are also added to the said aqueous solution. 

The cellulose fibre is then formed into a web which is dried at 

35 tenq>eratures whidi are sufBcientfy low to ensure that the crosslinking reagent is not 
activated prior to the subsequent defibration \diich then takes place in the dry state, ie. 
at a dry matter content which exceeds 80 %, and is preferably between 90 and 95 %. The 
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diy fibiation is e?q>edieiitty carried out using a hammer milL Altematively, the cellulose 
fibres are defibrated before die diying process, thus in the wet state, resulting in the 
ceBulose fibre being twisted duxing dicing, something yJbidi is well known firom the 
manu&cture of so-caUed flash-dried pu^. Defibration in the wet state is carried out at a 
5 diy matter content of 30-80 %, preferably at 40-55 %. 

The dejGbrated and dried celhilose fibres are crosslinked, in the diy and 
individualized state, by the crosslinking reagent which has been added and being 
activated by means of heatmg to reaction teiiq)erature. The heating of the material 
preferabfy takes place by means of the individualized cellulose fibre being dispersed in 

10 hot air. The reaction tsDoperatures which are required depend on the crosslinking reagent 
enqiloyed. In ord^ to achieve technically accqytable reaction times, the reaction is ^ 
e9q)edientt)r carried out at 140- 190^C, The CTOsslmking reaction is then earned out uang 
a dwell time of between 1 and 30 minutes, preferably between 2 and 10 minutes. 

Further diaractanstics and aspects^ and also advantages, of the invention 

15 are evident from the subsequent patent claims and from the following account of 
e>q}aiments ^^ch have been carried out, and from the subsequent desertion of a 
preferred embodiment of the method according to the invmtion. 

BRIEF DESCRIPTION OF THE FIGURES 
20 In the fi>nowing de5crq>tion of experiments vAnch have been carried out, 

reference will be made to the attached drawmgs, of v\juch 
Fig. 1 shows how absorption properties and spedfic vofaune are determined in 

accordance with Scan-C 33 :80, 
Fig. 2 ilhistrates a method for deteimming absorption rate'(acquisitionX 
25 Fig, 3 shows the absorption capacity as a fimction of the initial density in the dry state 
vAiea makhig measurements on compressed fluff pu^ which has been 
crossHnked in the dry state. 
Fig. 4 shows the density as a fimction of the ^pfied dieet pressure at 90°C when 
coirpres^g fluffpulp >^ch has been crosslinked in the dry state, 
30 Fig. 5 shows tiie wet ^ecific volume as a fimction of the initial dendty for con^ressed 
fluff pixlp \^ch has been crosslinked in the dry state. 
Fig. 6 shows, in the form of a diagram, the absorption rate as a fimction of the 
thickness of the test sair^le, firstly in a cellulose product according to the 
invention ^^ch has been siqjpfied witii superabsorbent powders (SAP), and 
3^ secondly in a reference material which also contains superabsorbent of the same 

type. 
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Fig. 7 consdtiites a flow diagram \;^cii schematically iDustrates a first preferred 

CTibodimmt of the method for preparing fluff pu^, or other defibrated celblose 
product, according to the invention, and 

Fig. 8 constitutes a flow diagram wliich schematicalfy iUustrates a second preferred 
5 embodiment of the method for preparing fluff pv^, or other defibered ceDulose 

product, according to the invention. 

DESCRIPTION OF MEASUREMENT METHODS 

Determination of qied fic ynltmi e and absorption properties in accnrHance with mndifiefl 
10 Scan-C 33:80 
Definitions 

Absorption capacity: 

The ratio between the mass (wei^t) of die fiquid which is taken iqi by a 
standard test sang)le of the fluff under defined conditions and the original mass (wraght) 
15 ofthetest saiiq>le. 

Specific volume: 

Vohune of the test piece in the diy state (dry specific vohmae) or in the 
wet state (wet spedfic vohmie) per unit mass (unit weight) of fluff 

20 For the measurement^ test pieces of fluff are used ^^ch have a mass of 

1.0 g and a diamet^of 50 mm and ipdudbi have been formed, by airfomnng, inpad fimn 
of the same type as is described in ScanrC 33:80. Tbe dea&ty of the test pieces after 
fqjming is between 45 and 60 kg/m3. 

The test pieces were conqiressed at different pressures and tenqieratures 

25 in a laboratory press having th^mostatted press plates. The thickness of the test pieces 
was determined using a spring-loaded thickness gauge vdiich loads the san^le with 2.5 
kPa on a circular sur&ce area of 3.14 cm2. The thickness of the con^ressed test pieces 
was determined at least one hoiur after conq)ressang, fiillowing condidoning at 23°C and 
50%RH 

30 An apparatus of the ^e ^^cfa is ^own in Fig. 1 was used for the 

measurements. The test piece 1 is placed vertically and a wd^ 2 is placed on top ofit, 
vAidx weight loads the test pieces with a pressure of 2.5 kPa. The test piece is peimitted 
to absorb water from below through a perforated bed 3. The water level is adjusted sudi 
that the underside of the test sample onfy just dips down into the water. The test sample 

35 is allowed to absorb water for 30 seconds, after which the water level is lowered. The 
test piece is then allowed to drain for 30 seconds, after which the weight 2 is removed 
and the wet test piece is weighed. 
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After weigjiiiig, the thickness of the test piece in the wet state is 
detennined using a spring-loaded thickness gauge vMch loads the saxcple with 2.S kPa 
on a drcular surface area of 3.14 cm2. The reading is taken 30 seconds after the load has 
been applied. 

5 The absorption capacity is calculated from the e?q>ression Y = (b*w)Av, 

Y = the absorption capacity m g/g 

b = the mass of the wet test san^Ie in g 

The wet sp edfic volume is calculated from the expression X A x h x w, 

10 where 

X = spedfic volume in dm3/kg 

A = the sur&ce area of the bottom of the test sanq>le in cni2 
w= themass ofthe dry test sanqilein g 

h = the height in cm of the test 5anq>le while bemg loaded in the dry state and the wet 
15 state, respectively. 

The dry density is calculated from 

D = w X 1000 (kgAn3) 

20 Axh 

Determination of absorption rate facquisitian^ 

An app aratus which is shown sdiematicalfy in Fig. 2 was used for these 
measurements. The saiiq)le 10 is covered with a non-woven,* 17 g/m2 spun-bonded 

25 polypropene from Fibreweb and placed under a plate 1 1, vsdiich was loaded with weights 
12 so that the saiiq)le 10 was subjected to a conqiression pressiure of 2.6 kPa. The plate 
12 has the same dimenaons, 12*^30 cm, as the san^)le 10. There is a circular hole in the 
rectangular plate and the hole is connected to a -pipe 13 which has the same diameter, SO 
mm, as the said hole. A metering hose has been deagnated 14; a pair of electrodes at the 

30 bottoih of the pq>e 13, immediate^ above tiie san^>le 10, have been designated IS, 16; 
and electronic and chronometric equqiment has been designated 17. 

Per litre, flie synthetic urine contamed: 9.0 g of NaCl, 2.69 g of KH2P04, 
approximately 1.8 g of Na2HP04 and 0.1 g of add fiichsin, whh the r^oainder 
essmtialfy bemg distilled water. The pH of the liquid was 6. 1-6.4. 

35 50 ml of the liquid was metered down into the pipe 13 in S s from the 

metering hose 14. The liquid in the j>ipe has been designated 18. The time was measured 
whidi was taken for the sanq>le to absorb and spread the liquid 18, Le. the time it took to 



wo 95/00703 



10 



PCT/SE94/00613 



esnspty the pq>e 13 of all liquid. Eacb test was carried out 4 times, Le. 4 doses of synthetic 
urine were applied to the san^le at S nun intervals, with each dose conasting of SO ml of 
syntiiedciuine. 

5 EXPERIMENTAL SERffiS 1 

A4 sheets of fluff pulp of the bleached softwood sulphate type (STORA 
Fluff EC 0.1) were conditioned at 23X and 50 % RH (relative humidrty), and weighed. 
The sheets were in:q)regnated with diemicals by dippmg, for 15 s, into solutions having 
the composition given in Table 1. 

10 Hie wet sheets were pressed, betwem absorbent paper, in a laboratory 

press to a diy matt^ content of a good SO %, at a dieet pressure of approximately 5 bar. 
The sheets were dried at 80X for 2 hours v^Me being clamped under a dryer felt on a 
drying c^inder, B&er vMch drying of tiie sheets was con^leted by heating at 1 1 O^C for 
25 min. The dried sheets were wdgjhed and the amount of diemicals applied (amount 

15 added per amount of cellulose) was calculated. 

The inq)regnated sheets were conditioned at 50 % RH and 23''C for 4 
hours, and w^e then defibrated in a Kamas HOI hammer miU at 4500 revohitions/min, 
so that tbe fibres were substantially individualized. The defibrated material was heated up 
to the reaction ten^erature in a wamob-air oven ia which thermostatted air is blown 

.20 througih a bed of the material The defibrated material was kept in the oven at the 
reaction ten^>erature fi>r 6 min. 
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Table 1 



Saii^le 


Crosslinking agoit 


Catalyst 


IjOGpregnatiiig agent 


Total 




otric acid 


disodhim 


alcohol 






amount 






hydrogea 










applied 






phosphate 


Al) 


B2) 


C3) ] 


34) 




No. 


g/1 


E/1 


FA 








g/kg 


1:0 


SO 


19 










62 


1:2 


50 


19 


19 








79 


1:3 


50 


19 


63 








115 


1:4 


50 


19 




63 






114 


1:5 


50 


19 






63 




120 


1:6 


50 


19 








63 


123 


1:105) 














0 



1) Alcohol A = glycerol 

5 2) Alcohol B = diethyiene glycol 

3) Alcohol C = triethylenc glycol 

4) Alcohol D = 2-hydro;Qinethyl-2-methylpropanediol 

5) 1: 10 = refoence, ie. not crossUnked and not treated with alcohol 
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Table 2 



Sanq)le 


Taoqiera- 


Diameter 


Sheet 


Density 


Spec.voL 


Absorp- 


Rdative 




turc 




pressure 


Kg/m3 
at 2.5 


wet 

Dm3/kg 


tion 

capa- 
City 


aensity 


No. 




cm 


bar 


kPa 


kPa 


g/g 


% 


1:0:A 


90 


5.40 


6 


96 


10.07 


9.80 


100 


1:0:B 


90 


5.40 


12 


110 


9.66 


9.52 


100 


i:ac 


90 


5.45 


26 


157 


8.72 


8.38 


100 


1:0:D 


90 


5.50 


50 


182 


8.55 


8.14 


100 


1:0;E 


130 


5.50 


50 


285 


8.03 


7.60 


100 


1:2:A 


90 


5.40 


6 


123 


9.22 


9.07 


128 


1:2:B 


90 


5.45 


12 


140 


8.93 


8.69 


128 


1:2:C 


90 


5.45 


26 


219 


7.83 


7.50 


140 


1:2:D 


90 


5.50 


50 


224 


8.50 


8.10 


123 


1:2:E 


130 


5.50 


50 


354 


7.65 


7.30 


124 


1:3:A 


90 


5.50 


6 


132 


8.64 


8.37 


137 


1:3:B 


90 


5.50 


12 


200 


8.24 


7.80 


184 


1:3:C 


90 


5.40 


26 


230 


7.69 


7.45 


147 


1:3:D 


90 


5.50 


50 


351 


7.43 


7.48 


193 


1:3:E 


130 


5.45 


50 


471 


6.92 


6.70 


166 


1:4:A 


90 


5.40 


6 


104 


9.52 


9.28 


108 


1:4:B 


90 


5.40 


12 


130 


8.74 


8.75 


118 






5.45 


26 


146 


8.16 


7.82 


93 


1:4:D 


90 


5.50 


50 


254 


8.36 


7.89 


139 


1:4;E 


130 


5.50 


50 


340 


7.86 


7.00 


119 


L-5:A 


90 


5.40 


6 


101 


9.80 


9.23 


105 


1:5:B 


90 


5.50 


12 


124 


9.02 


8.76 


113 


l:5:C 


90 


5.45 


26 


148 


8.53 


8.32 


95 


1:5:D 


90 


5.50 


50 


185 


8.50 


7.98 


101 


1:5:E 


130 


5.55 


50 


328 


7.35 


6.80 


115 


1:6:A 


90 


5.40 


6 


176 


8.17 


7.61 


183 


1:6:B 


90 


5,45 


12 


223 


7.74 


7.19 


204 


1:6:C 


90 


5.50 


25 


270 


7.31 


7.04 


172 


l:6:D 


90 


5.50 


50 


373 


7.31 


6.99 


204 


1:6X 


130 


5.50 


50 


463 


6.65 


6.30 


163 


1:10: A 


20 


5.50 


6 


150 


7.69 


7.60 




l:ia.B 


20 


5.50 


12 


217 


7.12 


6.50 




1:10:C 


20 


5.40 


26 


337 


6.25 


5.80 




1 1:10:D 


20 


5.40 


52 


453 


5.51 


5.00 
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Test pieces having a wdght of 1 g and a diameter of 50 mm were formed 
in accordance with the above desciqition. The test pieces were then con^ressed at 
different pressures and temper a tures in a laboratoiy press using heated press plates. Ihe 
true sheet pressure and resulting density were calculated after measuring the diameter 
5 and thickness of the con^ressed test piece. 

The results which were obtained are shown in Table 2. The results in 
Table 2 have been illustrated in diagrammatic form in Figs. 3-5. In these figures, the 
curves have been drawn using the coiresponding data in Table 2. In addition, the concept 
of relative density has been introduced. Ihe definition of this is as follows: pair-wise 
10 con4)arison of crosslinked pu]^ with pu^ which was crosslinked in the presence of 
po^rfimctional alcohol containing a corresponding quantity of crosslinking ug&aL The 
coDjpression was canied out uang the same conditions as regards pressure, temperature 
and time. The density of the pn^ i^ch was onfy crosslinked is thai given the vahie of 
100 %. 

I^ Fig. 3 shows the absoiption capacity as a fimction of the density in the diy 

state "when carrying out measurements on diy-crosshnked, con:q)ressed fhiflFpii^p. It is 
evidoit fi-om this figure that flie conq)letely imtreated flufiFpnlp (1:10, reference which 
was not crosslinked and not treated with alcohol) has the worst absorption capacity at all 
initial diy densities. It is also evident that the fluff pu^ \^ch was onfy crosslinked (1:0, 

20 which was not treated witii alcohol) has an absoiption edacity yviddh is oniy marginal^ 
better than tibat of fluff pulp vAddi was treated with alcohol in accordance with this 
invention (1:2, 1:3, 1:4, 1:5 and 1:6). 

Fig. 4 shows the density as a fimction of the applied sheet pressure when 
con^ressing, at 90*C, fluff pn^ yAich was crosslinked in flie dry state. The conq>lete}y 

25 mitreated fluff pu^ (1: 10) is most readity conopressed, due to the feet that it is not 

crosslinked. Nevertheless, the crosslinked fluff pulp which was treated with triethylene 
glycol (1:5) has conq)ression properties which are largely undianged, showing that the 
chemical stmcture of the alcohols also has an effect on the result. 

Fig. 5 shows the wet specific volume as a fimction of the initial density in 

30 conq)ressed fluff pulp vMcii was crossUnked in the diy state. In this comparison, the 
conq>letely mitreated fluff pul^ (1' 10) cannot hold as much liquid as can the other fluff 
pu^ samples. ISgh wet specific volumes at high densities are found for the other fluff 
pu^ samples which were treated with alcohol (1:2, 1:3, 1:4, 1:5 and 1:6). This is 
espedally evident in san^les 1:3 and 1:6 vsUch, along the v^ole of the respective 

35 curves, have a wet specific volume whidi is equivalent to that of the mitreated fluff pulp 
sanople, at a density vAndh is at least 50 kg/m3 higher. 
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EXPERIMENTAL SERIES 2 

The fimcdon of the alcohols in decreasing resifie&ce in the diy state has 
also been tested \^en uang other crosslinldng agents, such as a method dmvative of 
dimediyldihydro>^eth>ieneiirea, DMDHEU (commercial product from Sodete Francaise 

5 Hoedist and having the trade name Arkofix NZF), as is evident from Tables 3 and 4. 
Catalyst V3881 connsts of an acidic solution (pH = 0) of noagnedum chloride and acetic 
add. The concentrations which are given widi regard to Arkofix NZF and catalyst 
V3881 relate to absolutely dry product after determining dry matter content in an 
incubator at 1 lO^C. The procedure for carrying out Experimental series 2 is similar to 

10 the above described procedure in all respects ap art from the fzct that the reaction 
conditions for crosslinldng with the said methyl derivative of 

dimethyldihydroxyethyleneurea (Arkofix NZF) are that the orosslmking takes place at 
160Xfor3min. 

15 Tables 





Crossimkiiig 


Catafyst 




Amount 




agent 


V3881 


agent 


appfied 




Arkofix NZF* 




gfycerol 




No. 


sn 




sfl 




2:1 


59 


2 




50 


2:2 


59 


2 


59 


99 



"""Trade name fi>r medqd derivative of dimediyldihydroxy-ethjieneurea, DMDHEU 



20 Table 4 



Sample 


Tanp& 


Diameter 


Sheet 


Density 


Specs. voL 


Absoib- 


Relative 




rature 




pressure 


kg/m3 


wet 


tion 


density 










at 2.5 


dm3/kg 


capacity 














at 2.5 






No. 


•c 


can 


bar 


kPA 


kPa 




% 


2:1: A 


90 


5.50 


25 


156 


8.41 


7.9 


100 


2:1:B 


90 


5.45 


50 


216 


7.65 


7.2 


100 


2:2:A 


90 


5.45 


25 


367 


6.67 


6.0 


235 


2:2:B 


90 


5.40 


50 


465 


6.23 


5.9 


216 
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EXPERIMENTAL SERIES 3 

An excess of aqueous solutions having the cou^osition as given in Table 
5 5 (remainder water) was added to a pulp web based on Nordic softwood su^hate pu^). 
The excess of the solution was pressed out in a single-feked press nip. 



Table 5 



Sample 


Cross- 


Catalyst 


In^reg- 


Diy matter 


Calcu- 




linldng 


NaH2P04 


nating 


content 


lated 




agent 




agent 


after 


amoimt 




citric 




glycerol 


prcssmg 


applied 




add 










No. 


?^ 


g/1 


g/l 


% 


g/kg 


3:1. 


31 


12 




49.1 


45 


3:2 


31 


12 


25 


49.0 


71 


3:3 


31 


12 


50 


49.8 


94 


3:4 


38 


15 


75 


51.5 


121 


3:5 


48 


19 


50 


51.5 


110 


3:6 


48 


19 




49.6 


68 



10 

The moist web of cdhilose fibre was torn in a toothed screw into pieces 
having a aze of about 1 cratimetre, wfaidh pieces were defiBrated twice, without 
previous drying, in a 20-inch disc refiner. Inimediatety after the cellulose fibre had passed 
through the disc refiner in the second defibration stage the fibre, w^ch had thus been 

15 . substantial^ individualized, was dried by being dispersed in heated air. The cellulose 
fibre was dried firom a dry content of qyproximatel^ SO % to a dry content of 
approximately 90 %. The crosslinking reaction was thm initiated by heating the fibre 
material at ISO^'C for 6 min. 

The resultmg cellulose product was tiien examined in the same way as in 

20 Expoimental series 1 and 2. The results are given in Table 6. 
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Table 6 











JL/wliolLjr 










rstOT 












acusuy 










at 2.5 


W 


























• 






at 2.5 






No. 


"C 


cm 


bar 


kPa 


kPa 




%- 


3:1:A 


90 


5.60 


24 


175 


10.41 


10.0 


100 


3:1:B 


90 


5.60 


48 


185 


9.95 


10.2 


100 


3:2:A 


90 


5.55 


25 


230 


9.29 


9.1 


131 


3:2:B 


90 


5.60 


48 


339 


8.76 


8.6 


183 


3:3:A 


90 


5.55 


25 


254 


8.97 


8.6 


145 


3:3:B 


90 


5.55 


49 


390 


8.00 


7.8 


211 


3:4iA. 


90 


5.60 


24 


336 


8.25 


8.1 


192 


3:4:B 


90 


5.60 


48 


376 


7.88 


7.5 


204 


3:5:A 


90 


5.60 


24 


208 


9.01 


8.8 


188 


3:5:B 


90 


5.50 


50 


348 


8.10 


7.9 


255 


3:6:A 


90 


5.55 


25 


111 


11.03 


11.4 


100 


3:6:B 


90 


5.55 


49 


136 


10.42 


10.1 


100 



It is evident from the above Tables and the attached Figure drawings 3-5 
5 tfiat the conopressibility of a celhilose product vMch consists essentially of fibres which 
have been crossKnked in tiiie diy state in the presence of bifimctiona], trifbnctional or 
pol)^ctional alcohols^ and diereby gamed die said stmcture of cellulose fibres, can be 
controlled by the amount and type of the said bifimctiona], trifimctional or polyfimctional 
alcohols vMch are added. 

1^ When an alcohol is added, the cellulose product according to the 

invention, and its structure of cellulose fibres, are conq)ressed to a substantially greater 
extent than is fluffpu]^ at the same con:q)ression pressure w*en this fiuff pulp has only 
beoi CTosslmked At con5)arable initial dry densities, a cellulose fibre structure according 
to the invention and a cellulose fibre structure v^ch is only crosslinked also have 

15 conq)arable absorption properties. While having a substantially higher dry density prior 
to wetting, a cellulose fibre structure according to the invention has an absorption 
c^acityAvet spedfic volume which is as hi^ as that of cellulose fibre stmctures which 
have not been CTosslinked. 
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EXPERIMENTAL SERIES 4 

E^qperimental series 4 was deagaed with the aim of reviewing finthra- thp 
posabifides for usmg the diy-a:ossIiiiked and conq>ressed fibre in absoibrat products, 

5 such as» for exairqple, babies^ nappies. More particularly, the aim of the experiments was 
to study absoiption rate and its dependence on the thickness/degree of compres^on of 
the absorptive pad. 

Present-day standard nappies are often packed at densities within the 
range 150-200 kg/m3. However, a certain spring-back takes place during use/evahiation. 

10 Reference sanogples, of which the reference material in sairq)le No. 3, Table 7 below, can, 
in particular, be regarded as representing the absorptive pad in a baby's nappy of the 
modem type, as regards p^ormance (absorption rate) and thickness, were inchided in 
the e^qierrmoital series. An essential property of nappies is the rate with ^^iiich the liquid 
is absorbed by the absorptive pad. A low rate of absorption results in an increased risk of 

IS leakage ance the urine vMdi is not absorbed pron^tly by the absorptive pad must be 
kept enclosed widiin the nappy by different forms of sealing functions. The absorption 
rate in association with the first dosing with liquid is judged not to be critical for current 
standard nappies. On the other hand, the decreased rate of absorption associated with 
inoreaang hquid loading entails an increasing risk of leakage. 

.20 A commercial fluff pu^, known under the trade name Stora Cell EC 0. 1 

(manufacturer, Stora Kopparbergs Bergslags AB), vAudtx is a sulphate fluff pulp based on 
Nordic sofiwood fibre, was used as the reference material The pulp was defibrated at 
3S00 ipmin a Kamas HOI hainmer imll having an 8 mm sieve. Pads were formed with 
an air-laying technique usmg the defibrated material A superabsorbent (SAP) was used 

25 vMoh is known under the trade name Drytech 510 (manufacturer Dow Chemical Corp.), 
A^ch, according to information firom the manufacturer, is defined as a crosshnked 
. acryiate copolymer. The siq>erabsorbent, Drytech 510 HC, was added to the pads at 
different levels in three additions. The pads were pressed in a press under the conditions 
of pressure and temperature given in Table 7. When bdng used for evaluating absorption 

30 rate, all the pads had the dimenrions 12*^30 cm but varied in thickness and denshy. 

Ihe novel fibre \^di was produced in accordance wifli Bxsaxspte 3:2, 
Table S, was formed into sheets having a grannnage of approxunately 700 g/m2 and 
having the dimensions 12x30 cm. The sheets were corEpressed at approximately 20 bar 
and at 130**C fox 30 s, resuhmg in a sheet dmsity of approximately 400 kg/mS. The 

35 . material was cut into stnps of approximately 4.7 cm in widtii which were then defibrated 
at 2500 rpm in a Kamas HOI laboratory mill having an 8 mm sieve. The fluffed material 
was subsequent^ formed into pads with an air-laying tedmique and superabsorbent. 
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Diytech 5 10 HC, was distributed in the sheet by being added in three batdies. The 
fonned sheets were pressed in a press under the ccmditians of pressure and tenop^ture 
given in Table 7. When being used for evahiating absorption rate, all the sheets had the 
dimensions 12x30 cm but varied in thickness and dmsity. 

5 As can be seen from Table 7 and diagram, an absorptive pad based on a 

conventional fluJBF pulp which has not been crosslinked loses, to a large extent, the 
important function of rapidly absorbing liquid if it has been con^ressed to high initial dry 
density or otherwise pressed out into a thin absorptive pad. By contrast, an absorptive 
pad based on the novel fibre can be conqjressed to a thickness which is less than half the 

10 thickness ol^ for example, the reference san^)le 3, Table 7, v^e having an absorption 
rate which is hagdy maintained or, in several cases, even in^eased, when tilie test piece 
has been loaded with Uquid, Le. in dosages 2-4. The resufts thus demonstrate ihzt the 
novel fibre provides substantially improved possibilities for developing tliin^ bat 
nevertheless fimctionally satisfactoiyy absorbent products having a high absorption rate, 

15 and thus also decreased leakage frequency, as conq)ared with a chemical fhiflfpulp which 
contains a high proportion of 5iq>erabsorbent and is only conqiressed and not 
crosslinked. 

There are many options for varying the design of the absorptive pad. For 
example, the denaties in different layers, the distribution.and type of super-absorbent, the 

20 non-uniform grammage profile, etc. can be varied. All tiiese aspects have an influence on 
absorption rate. The exan^les should thus not be seen as a finntation of the invention but 
are only intended to demonstrate dififerences in pezformance between a present-day 
commercial, chenncal fiuff pulp and the novel pvHtp when being used in tlim absorbent 
products, particularly when the absorptive pad has been contacted to a high dmsity, ie. 

25 >200 kg/m3. 
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DESCRIPTION OF INDUSTRIAL EMBODIMENTS 

Fig. 7 sdiematically iUustrates a first method of iooplementing the 
inveation in fiiU scale in continuously operating processes. The }xppcr part of the 
schematic flow diagram in Fig. 7 ittustrates how and \^here the crossUnldng diemicals as 
5 well as the alcohols according to this invention can be added to the process, in 
accordance with one example, aad the lower part of the flow diagram shows the 
subsequent preparation, coniprising defibration and crosslinkmg. 

A fiimisfa is pun^qied through a headbox 30 out onto a wire section 3 1. A 
press section has been generally designated 32. The press section comprises a nimiber of 
10 presses 33, 34 and a dryer 35. The press section 32 can also contain several presses 
upstream and downstream of the diyer 35^ ^^iiidi can also be tenned a pre-dryer. 

The crosslinldng reagent and alcohols vMch are used in accordance with 
the invOTtion, together with catalyst(s), are added, in accordance with the preferred 
embodiment, to the web-shaped cellulose sheet before the latter is dried, e?q)ed2ently in 
15 the press section at a point in the process when the pu^ has a dry content amounting to 
at least 20 %, expediently a diy matter content in the range 30-50 %. Different methods 
and arrangements are concdvable for applying the chemicals so that they are eflBciently 
incoipozated into the pulp mat^iaL For exBmple, the chemical solution can conceivably 
be sprayed onto flie pu^ firom one or more transverse sprinkler pipes and integration of 
20 the chrancals into the pxiSp subsequently effected using a downstream press 36. 

Preferably^ however, tiie chemicals are expediently supplied usmg an apparatus 37 of the 
type i^ch is conventionally used as a size press, this bemg a well-tried technique for 
incorporating chemicals into relative^ thick and bulky sheets. Ihe web material, v^ch 
now contains the diemicals, is dried in the dryer 35 at a.tCToperature below the 
25 crosslinking tenq)erature of the chemicals, preferably at a web tenoperature of less than 
lOO^C. 

After the dryer 35, the web-shaped sheet 38 can be reeled up into roller 
bales 39 or - ahemativefy - conducted directly to a plant for defibering and hardening. 
This unit has been deagnated 40 in Fig. 7. Ihe web material 38 is next conducted into a 

30 defibrator 41. An apparatus yMch is suitable for dry defibration is a hammer mill which 
is available in different designs. Other equ^ment, for exaraplo disc refiners, are also 
conceivable in princq)le for bring^g about dry defibration, but a hammer rmW is to be 
preferred in relation to dry defibration. 

As a resuk of being defibrated in the apparatus 41, the material is fluffed 

35 and consequently achieves a high specific volume. At the same time, it also loses most of 
its fibre-binding properties and is therefore difficuh to re-shape into an interconnected 
web. However, it is desirable to be able to carry out the crosslinldng, which follows the 
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defibration, under condmious conditions, wliidi permit regulation of the crossBnldng 
time and croRsBnlring temperature, and ^n^di gmuhaneously ensure tiiat the pu^ is 
treated uniformly in all parts of the bulky, fluffed material According to a prefOTed 
embodiment, the fluffed pulp 42 is fed in between two endless, relatively wide^apait, 
5 wires 43, 44. The fluffed pu^ 42 is, as it were, confined in between the wires 43, 44 and 
is fed slowly through a tunnel oven 45. Warm gas flows through the oven 45. By means 
of adjusting the feeding speed of the wires 43, 44, the dwell time of the pulp 42 in the 
oven 45 at reaction tenq>^ature is e7q>ediently regulated to be betweoi 1 and 30 min^ 
preferably to be between 2-10 min. The t&npmtuie in the oven is regulated to between 

10 100 and 210''C, preferably to be greater than 120''C, e?q>edientty to be between 140 and 
IQO^^C, in association with whidi the added chemicals are activated and initiate the 
intended reactions with the cellulose molecules. After treatment in ihe oven 45, the pulp 
is e?q>ediently cooled, which can be carried out in a sq>arate cooling zone. 

The material which has been pr^ared in this way is then pressed together 

15 once again in a press 46 to form a more or less interconnected material 47, w^ch is 
folded and baled in a baling press 48. The fini^ed bales have been designated 49. 
Alternatively, the material 47 can be conveyed direct^ to a nappy manu&cturing plant 50 
or to a plant for manufacturing other absorbent products. This plant can in prindple be 
connected directly after the oveai 45, tiliereby eliminating the need for additional flu£5ng. 

20 As a further alternative, the matoial can be rolled into rolls (not shown), as has been 
mentioned above. 

Fig. 8 schematically illustrates a second method of inq)lementing the 
invention in^fiill scale in continuous^ qperating processes. Roll or bale pu^ 60 is 
conveyed to a dismtegrator, a so-called pu^er 61, wdiere thi6 pulp 60 is dispersed in 

25 water 62, wiiich contains the relevant chemicals. The slurry wMch is obtained in this way 
is dewatered. This can be effected, fi)r exsmaplo, in a thickener, designated generalfy by 
63. Li the exanq>le, the thickener contains, in a conventional manner, a suction cylinder 
wire 64 and a press section 65. A pre-diyer may also be present The dewatering gives 
rise to a so-called wet pu^ v^hich has a dry content of 45-50 %. Ihe wet pulp is 

30 defibrated in disc refiners 66, 67 and is then dried in a flash dryer 68 at a fibre 

tenoperature of less than lOOX and is finaS^ heated in a fiirther tower 69 in order to be 
flioroughly heated homogeneously immediate^ before flie activarion of the crosslinkbg 
chemicals, wiiich can be carried out in the noanner which has been described in 
association with the preceding exan^)les. This part of the process, comprising treatment 

35 in the units 42-50, will not therefore be described in any further detail here, and reference 
win sinq>fy be made to the preceding descr^tion. 
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It \vin be evident that the above des(^ed mdustiial en^ 
constitute exanq)les of how the mvention can be implemented on an industrial scale. 
Thus, the diemicals might, instead, very well be added afier the defibering. Nor is it 
necessaiy to add the chemicals in one and the same solution, ox even at the same time in 
5 the process. The sequ^ice in which the different chemicals - crosslinking reagent, 

catalyst and the said alcohols or their equivalent - are added is probably not, therefore, of 
any crucial importance. The inq)ortant thing is that the chemicals are present in the 
defibered cellulose pulp vAxen the crosslinking reaction is initiated* 
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PATENTCLAIMS 

1. Defibrated cellulose product, in particular fluff pulp, characteiized in that 
it possesses a fibre structure having good con^ressibility under the iniSuence of heat and 
pressure, wiiich structure can be obtained by crosslinking, in the dry state, cellulose 

5 fibres wiiich are inq)regnated with an effective quantity of crosslinking agent and at least 
one bifiinctional, trxfimctional or polyfunctional alcohol and which are defibrated prior to 
carrying out the crosslinking reaction. 

2. Cellulose product according to Clainoi 1, characterized in that the cellulose 
fibres have been crosslinked at a toxperature of betweoi 100 and 210'*C, preferably at a 

10 teiiq»erature greater than 120^C. 

3. Celhilose product according to Claim 2, characterized in that the cellulose 
fibres have been crosslinked at a ten^^ature of between 140 and IPO^'C. 

4. Cellulose product according to any one of Claims 1-3 possesang a fibre 
stmcture vMdi is characterized in that the crosslinked cellulose fibres consist of swollen, 

15 and thereby sofi^ed, cellulose polymers, vAxch can be obtained by in^regnating the 
cellulose fibres with an effective quantity of at least one bifimctional, txifimctional or 
pofyfimctioiial alcohoL 

^- Cellulose product according to any one of Claims 1-4, characterized in 

that, afta: having been compressed, it has a density which is at least 15 % higher, under 

20 die same conditions as regards conopression time, heat and pressure, than that of a 
cellulose product whose Sbres have not been in^regnated with a bifimctional, 
tiifimcdonal or potyfimctional alcohol, or with some other preparation which provides an 
equivalent effect, but v^ch fibres are otherwise of the same type, and are crosshnked 
with the isame agent, as the fibres in the first-named cellulose jproduct 

25 6, Cellulose product according to any one of Claims 1-5, characterized in 

that the said bifimctional, trifimctional or polyfimctional alcohols have a molecular 
weight which exceeds 60 g/mole. 

7. Cellulose product according to any one of Qaims 1-6, characterized in 
that the caihon stmcture of the said bifimctional, trifimctional or polyfimctional alcohols 

30 contain one or more heteroatoms, which heteroatoms can comprise any one of o^^gen or 
nitrogen. 

8. Cellulose product according to any one of Claims 1*7, charactmzed in 
that the said bifimctional, trifimctional or polyfimctional alcohols contain one or two 
polar fimctional groups of the type of groups v^ch comprise alddiyde groups, keto 

35 groups and carboxyl groups. 
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9. Cellulose product accoiding to any one of Claims 1-8, cliaracterized in 
that the cellulose fibres are impregnated with 2- 1 SO g of a bifimctional, trifuncdonal or 
pofyftmcdonal alcohol 

10. Cellulose product according to any one of Claims 1-9, characterized in 
5 that the cellulose fibres are inq>regnated with S-SO g of a hifimcdonal, tnfimctional or 

pol^rfimctional alcohoL 

11. Celhilose product according to any one of Claims 1 - 10, characterized in 
that the cellulose product possesses a fibre structure having an improved coiDpressibility 
under the influence of heat and pressure, obtainable by impregnating the celhilose fibre 

10 with an effective quantity of glycerol 

12. Cellulose product according to any one of Claims 1-11, characterized in 
that, vJhen an air-laid absorptive pad produced firom the cellulose product is conq}ressed 
to a diy density which is at least 50 kg/m3 higher than that of an air-laid absorptive pad 
produced firom untreated fibres, it has a wet specific volume which at least essentially 

15 corre^onds to that of the imtreated, compressed product, ie. a celhilose product 
. essentially consisting of cellulose fibres which have neither been crosslinked nor 
impregnated with bifimctional, trifimctional or po^^fimctional alcohols or with any other 
equivalent reagent. 

13. Cellulose product according to any one of Claims 1 - 12, characterized in 
. 20 that, vAsai an air-laid absorptive pad produced fi-om the cellulose product is conq)ressed 

to a diy density vAiclx is at least 50 kg/m3 higher than that of an air-laid absoiptive pad 
produced firom untreated fibres, it has an absorption capacity vAddi is at least as great as 
CNF greater than that of the conq>ressed product produced firom die untreated cellulose 
pu^, ie. a celhilose product essentially conasting of ceSulbse fibres vs^ch have neither 
25 been crosslinked nor in^regnated with bifimctional, trifimctional or poIyBmctional 
alcohols or with any other equivalent reagent, vAnch absorptive pad produced from 
untreated cellulose fibres has been compressed to 200 kg/m3. 

14. Celhilose product according to any one of Claims 1 - 13, characterized in 
ibzt it contains 10»150 g of crosshnking agent/kg of celhilose fibres. 

30 15. Celhilose product according to any one of Claims 1 - 14, characterized in 

that it contains 20-60 g of crossiinking agent/kg of cellulose fibres. 
16. Celhilose product according to any one of Claims 1 - 15, characterized in 

that the chemical crosslinkages between the celhilose molecules are formed by one or 
more substances from the group of orosslinking substances wfaidi conq[>rises bifimctional, 

35 trifimctional or polyfimctional organic acids, bifimctional, trifimctional or polyfimctional 
aldehydes and also heterocyclic coiiq>ounds, whidi have at least two nitrogen atoms in 
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the ring in addition to caibon, including dihydroxyethyleneurea and dimethyldihydroxy- 
ethylenenrea and also derivatives of these latter two confounds. 
17. Cellulose product according to Claim 16, characterized in that the 

crosslinkages are formed by reactions *^^ch are catafyzed by one or more of the 
5 substances which conq>rise the groups alkali metal hypophosphite, alkali metal 
polyphosphate, alkali metal phosphate, alkali metal su^hate, sodium fluoroborate, 
disodium carbonate, Lewis adds, such as irontrichloride, and organic ammes. 
18« Cellulose product according to any one of Claims 1-17, characterized in 

that the cellulose fibres which are subjected to crosslinking are selected fi-om among the 
10 groups which con:q>rise bleached, partially bleached and unbleached, sulphate-delignified 
or sulphite-deHgnified, softwood and hardwood fibres, tfamnomechanical and 
chemothennomechanical pu^s, and mixtures of the said materials, but in that the 
cellulose fibre preferabfy consists of bleached sofiwood sulphate pu^. 

19. Cellulose product according to any one of Claims 1 - 18, characterized in 
• 15 that it has the form of a web \^ch is compacted after defibration and crosshnking, and 

in that it is intended to be defibrated once again in order subsequently to be formed into 
absorptive pads or into a part of absorptive pads having low density. 

20. Absorptive pad, characterized in that it consists, at least in part, of the 
cellulose product according to any one of Claims 1-19. 

20 21. Absorptive pad according to Claim 20, characterized in that the said 

cellulose product exists in a mixture together with superabsori)ent polymers (SAP), 
"^^ch are understood to mean polymers whidbi can form gels containing at least 10 g of 
water/g of poller. 

22. Absorptive pad according to Claim 20 or 2 recharacterized in that it also 
25 contains synthedc fibres as reinfordng fibres, conq)iiang synthetic fibres^ preferably in a 

mixture together with the said cellulose product. 

23. Absorptive pad according to any one of Claims 20 - 22, characterized in 
that the cellulose product according to any one of Claims 1-19 exists in a mixture 
together with, or layered togeth^ with, cellulose fibres wiiich are not crosslinked. 

30 24. Absoiptive pad according to any one of Claims 20 - 23, characterized in 

that it exhibits a densty gradient. 

25. Absorptive pady according to Claim 24, characterized in that it is 
produced from two or more different variants of the cellulose product according to any 
one of Claims 1-18, \\idch variants have been ft>nned and con:q)ressed to difTerent 

35 densities before being assembled together. 

26. Absoiptive pad according to Claim 25, characterized in that it exhibits 
layers having different cotcgiressibilities and consequently different densities after 
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pressing, i^ch layears can be obtaind by adding difTermt relative quantities of the said 
bifiinctional, trifunctional or polyfimctional alcohols or equivalent in^pregnating agents. 

27. Absorptive pad according to any one of Claims 20 - 26, diaracterized in 
that it consists of one of the products conoprismg babies' nappies, sanitary towels and 

5 incontinence products, or of another product intended to collect body fluids. 

28. Absoiptive pad according to Claim 27, characterized in that it exhibits one 
or more layers intended to face the wearer, which layer(s) has/have (a) lower density 
(densities) than underlying layers in order to be able to take up relatively large quantities 
of fluid in a short period of time. 

10 29. Mediod for preparing a ceHuiose product, in particular fluff pulp, 

con^iiang defibfating the cellulose fibres and crossHnldng them, characterized in ihat 
the cellulose fibres are inq)regnated with an effective quantity of chemicals, conq)rising 
crosslinldng agent and at least one bifimctional, trifimctional or polyfimctional alcohol, in 
that the inq>regnated substance is dried, in that it is defibrated, at the latest afi;er drying, 

15 and in that the defibrated cellulose fibres are crosslinked in the dry state by heating the 
dried, defibrated cellulose product, as a result of wiuch a cellulose product is obtained 
having good conq>ressibility under the influence of heat and pressure in combination with 
good absorption properties. 



30. Mediod according to Claim 29, diaracterized in fliat the crosslinking 

20 reaction is carried out in the dry state at a fibre temperature of between 100 and 210*'C. 

31. Mediod according to Claim 30, diaracterized in that tfae-crosslinking 
reaction is carried out in the dry state at a fibre temperature of between 140 and 190''C. 

32. Method according to any one of Claims 29 - 3 1, characterized in that the 



cellulose fibres are itqpregnated with an effective quantity of chemicals, wiiich cause the 
25 fibres to swell and which thereby soften the cellulose polymers, as a result of \iv^ch the 
coirq>ressibility of the cellulose product under the influence of heat and pressure is 
inq>roved. 

33. Method according to any one of Claims 29 - 32, diaracterized in that the 
said bifimctional, trifimctional or polyfimctional alcohols have a molecular weight which 

30 exceeds 60 g/mole. 

34. Method according to any one of Claims 29 - 33, diaracterized in that the 
carbon stmcture of the said bifimctional, trifimctional or pofyfimctional alcohols contain 
. one or more heteroatoms, vMch heteroatoms can conoprise any one of o>^gen or 
nitrogen. 

35 35. Method according to any one of Claims 29 - 34, diaracterized in that the 

said bifimctional, trifimctional or polyfimctional alcohols contain one or two polar. 
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fimcdoBal groups of the type of groins conq)iise aldehyde groups, keto groups 
and caiboxyl groups. 

36. Method according to any one of Claims 29 - 35, characterized in that the 
cellulose fibres have been iispregnated with 2-150 g of a biiiinctional, trifimctional or 

5 polyfimctional alcohoL 

37. Method according to any one of Claims 29 - 36, characterized io that the 
cellulose fibres have been iiopregnated with 5-50 g of a bifimctional, trifimctional or 
pofyfimctioiial alcohoL 

38. Method according to any one of Claims 29 - 37, characterized in that the 
10 cellulose fibres have been inqpregnated widi gj^ceroL 

39. Method according to any one of Clahns 29-38, characterized in that a 
quantity of crosslmldng reagmt is added whidi corresponds to 10-150 g of crosslinldng 
agent/kg of cellulose fibre. 

40. Method accordmg to any one of Claims 29-39, characterized in that a 
15 quantity of crosslmldng reagent is added which corresponds to 20-60 g of crosslinldng 

agent/kg of cellulose fibre. 

41. Method according to any one of Claims 29 - 40, characterized in that one 
or more substances fi'om the group of crosslinldng substances ^wMch conq>rises 
bifimctionaly trifimctional or polyfimctional organic add^ bifimctional, trifimctional or 

20 pofyfimctional aldehydes and also heterocyclic conqyounds which have at least two 
nitrogen atoms in the ring in addition to carbon, including dihydro>Q^ethyleneurea and 
dimethyl-dihydroxyethyleneurea and dmvatives of these two latter compounds, are 
added as crosslinldng reagent. 

42. Method according to any one of Claims 29 -41, characterized in that the 
25 crosshnking reaction is catalyzed by substances vshich are selected fi-om one of the 

groups alkali metal hypophosphite, alkaU metal polyphosphate, alkali metal phosphate, 
alkali metal sulphate, sodium fiuoroborate, disodium carbonate, Lewis acids, such as iron 
tricbloride» and organic amines. 

43. Method according to any one of Claims 29 - 42, characterized in that the 
30 cellulose fibres vAdch are subjected to crosslinking are selected fi^om among the groups 

vMch conoprise bleached, partially bleached and unbleached, su^hate-delignified or 
suJ^hite-deHgnified, sofiwood and hardwood fibres, thermomechanical and 
chemothermomechanical pu^s, and mixtures of the said materials, preferably bleached 
sofiwood su^hate pu^. 
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